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Nucleotide sequence comparisons of the pol gene among 47 retroelements identified two very conserved regions,
separated by a span of approximately 640 bp, that have not been previously reported. A set of mixed oligonucleotide
primers, 5*-MOP-2 and 3*-MOP-2, homologous to these two conserved pol regions was constructed for use in detection of
retroelements. When MOPs-2 were employed in PCR amplification studies, products of about 0.64 kb in size were amplified
from human and mouse genomic DNAs and from HIV-1 proviral DNA, but not from negative control plasmid DNAs. The
PCR products amplified with MOPs-2 from human LuC-1 teratocarcinoma cell DNA were subcloned and sequenced. Five
clones of approximately 0.64 kb in size were identified, and sequence comparisons with all entries in GenBank indicated
that these five clones have highest homology, in a range of 64.31 to 98.65%, with the corresponding pol region of HERV-
K10 and HM-16 of the human endogenous retrovirus-K (HERV-K) family. Southern hybridizations at high stringency demon-
strated that these five clones are present in all human DNAs tested. The evolutionary relationships of these clones with
the equivalent pol region of other retroelements were defined by phylogenetic analyses that placed three clones into the
HERV-K family and two clones into a new family of human endogenous retroelements. In addition, clone HERV-(K)73 contains
the smaller PV1b pol segment that was reported to be selectively expressed in blood leukocytes of patients with polycythemia
vera. q 1996 Academic Press, Inc.
INTRODUCTION HERVs have been found primarily by: (1) screening
human genomic libraries under low stringency condi-
Many copies of endogenous elements with homology
tions with DNA probes related to proviral segments of
to known retroviruses or to retrovirus-like sequences
various retroviruses; (2) the use of tRNAPro or synthetic
have been found in the human genome. Standardization oligonucleotide probes homologous to the PBS of known
of designations for the human endogenous elements, as retroviruses to screen human genomic libraries; and (3)
proposed by Ono (1986) and by Larsson et al. (1989), the accidental discovery of retroviral-related sequences
employs the abbreviation ‘‘HERV’’ linked to a letter indi- during analyses of cloned DNAs (reviewed by Larsson
cating the specific tRNA species that combines with the et al., 1989; Leib-Mo¨sch et al., 1990).
primer binding site (PBS) of the retroviral genome to The HERV-K family was discovered by using mouse
prime reverse transcription of the RNA. Most of the provi- mammary tumor virus (MMTV) and Syrian hamster intra-
ral segments and transcripts that have been analyzed, cisternal-A particle (SH-IAP) proviral probes (Callahan et
however, are truncated or feature other alterations that al., 1982, 1985; Deen and Sweet, 1986; Ono, 1986; Ono
prohibit synthesis of functional viral components (re- et al., 1986), and more members of this multicopy family
viewed by Larsson et al., 1989). These defective elements have since been identified (Franklin et al., 1988; Med-
are thus individually incapable of producing infectious, strand and Blomberg, 1993). Members of this family have
extracellular virions. lysine tRNA as a primer for reverse transcription, and
Although abundant transcripts of some HERVs have some members are more than 9 kb in length (Ono, 1986).
been detected in various types of human cells, the corre- After completely sequencing the HERV-K10 genome, Ono
sponding proteins have not yet been identified and no et al. (1986) found it consisted of about 9.2 kb with an
biological function is known for these elements (re- apparently intact LTR at each end and concluded that it
viewed by Cohen and Larsson, 1988; Larsson et al., has the gene organization typical for a retrovirus but has
1988). However, speculation that HERVs may be involved a deletion of 290 bp between the pol and env regions.
in some autoimmune diseases received support recently A composite genome including this 290-bp fragment was
from observations that sera from such patients contain designated HERV-K10(/) and considered to be a proto-
antibodies that react with retroviral gag gene products type of the HERV-K family. The predicted amino acid
(Krige et al., 1992). sequences encoded by the pol region indicated signifi-
cant homology with A-, B-, and D-type retroviruses.
After comparing the published pol gene nucleotide se-1 To whom reprint requests should be addressed at present address:
USDA–ARS, U.S.Meat Animal Research Center, Clay Center, NE 68933. quences of 18 retroelements, Shih et al. (1989) designed
1
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a set of mixed oligonucleotide primers (designated mented with 15% heat-inactivated fetal bovine serum, 2
mM L-glutamine, 10% tryptose phosphate broth, 2 mMMOPs-1 in this report) complementary to highly con-
served regions of the pol gene (Patarca and Haseltine, sodium pyruvate, and antibiotics. Plasmid pN1GD4 con-
tains a proviral clone of HIV-1 that has a minor deletion1984; Toh et al., 1983). The synthetic primers were used
in PCR amplifications of human DNA to produce clones within gag and was provided by Dr. D. Volsky (Volsky et
al., 1986).with homology to the conserved pol regions of known
retroviruses. Subsequent PCR studies with slightly differ- Preparation of DNA probes. Plasmid DNA was di-
gested with appropriate restriction endonucleases andent MOPs detected other previously uncharacterized ret-
rovirus-related pol sequences in human DNA (Done- separated by gel electrophoresis. Gel-isolated DNA re-
striction fragments were radioactively labeled by incor-hower et al., 1990). These PCR products, however, are
less than 100 bp in length without the primer sequences, poration of [a-32P]dCTP by the random-priming method
(Feinberg and Vogelstein, 1983) to a specific activity ofwhich yields cloned segments of insufficient length for
use as hybridization probes to readily detect and isolate at least 5 1 108 cpm/mg.
Preparation of eukaryotic genomic DNA. FVB/N mouselarger sequences, particularly when the copy number or
expression level is very low (Li and Faras, unpublished genomic DNA was a gift from Dr. R. S. McIvor’s laboratory
of the University of Minnesota. High-molecular-weightobservations).
Based on sequence comparisons of the pol gene of genomic DNA of human cells was isolated by resus-
pending cell pellets in 2 vol of buffer (0.2 M Tris–HCl,47 retroelements, we constructed a new set of mixed
oligonucleotide primers (MOPs-2) complementary to pH 8.2, 0.1 M EDTA, 0.5% SDS, 500 mg of proteinase K/
ml) at 657 for 3–4 hr. DNA was extracted several timesconserved pol regions and designed to increase the size
of resultant PCR products to 0.64 kb. By using MOPs-2 with an equal volume of buffer-saturated phenol-chloro-
form. Sodium acetate to a final concentration of 0.2 Min PCR amplifications of cDNA synthesized from human
teratocarcinoma cell RNA, two new HERV-K family mem- and 2 vol of ethanol were added, and the genomic DNA
was spooled out of solution. DNAs were RNase-treatedbers, HERV-(K)55 and -(K)91, were identified and shown
to be expressed in human teratocarcinoma cells, but not and subjected to another round of extraction and precipi-
tation.in other types of normal or malignant human cells (Li et
al., 1995b). In this report, we describe five clones with Nucleic acid hybridization. High-molecular-weight ge-
nomic DNA was digested with an appropriate restriction64.31 to 98.65% nucleotide sequence identity to the corre-
sponding pol region of HERV-K10 and HM-16 that were endonuclease, fractionated by 0.7% agarose gel electro-
phoresis, and transferred to Bio-Rad Zetaprobe nylonobtained by using MOPs-2 in PCR amplifications of hu-
man genomic DNA. Southern hybridizations indicated membranes in 201 SSC (3 M NaCl, 0.3 M sodium citrate)
by a modification of the Southern procedure (Southern,that these five clones are present, but at significantly
different copy numbers, in all human DNAs assayed. Phy- 1975). Membranes with bound DNA were washed in
0.11 SSC–0.5% SDS, baked at 807 for 1–2 hr, and im-logenetic analyses localized three clones to the HERV-
K family and placed the remaining two clones into a new mersed in prehybridization buffer consisting of 50% form-
amide, 1 M NaCl, 20 mM Tris–HCl (pH 7.4), 0.1% SDSfamily of human endogenous retroviruses.
and 100 mg denatured sheared salmon sperm DNA/ml
for 12–15 hr at 427. For hybridization, 0.8% dextran sulfateMATERIALS AND METHODS
and 5 1 106 cpm [a-32P]dCTP-labeled probe/ml was
added to fresh prehybridization buffer and incubated forTissue, cell lines, and plasmid. Human placenta tissue
was obtained from the Department of Pathology, Univer- 12–15 hr at 427. Blots were washed in 21 SSC, 0.1%
SDS, and 0.1% sodium pyrophosphate for three times ofsity of Minnesota Hospital and Clinics. The origin and
growth of human testicular germ cell tumor cell lines 15 min each at room temperature and then for two times
of 1 hr each at 507 in 0.51 SSC–0.1% SDS–0.1% sodium1815P and 1156Q, human bladder carcinoma cell line
575A, and normal human embryonic (HEL) fibroblasts, pyrophosphate. Prior to reprobing, blots were stripped of
hybridization probe by incubation in 0.4 N NaOH for 30have been described (Bronson et al., 1990; Wang et al.,
1980). The 486P epithelioid cell line (Elliott et al., 1977) min at 427 and then in 0.11 SSC–0.1% SDS–0.2 M Tris–
HCl (pH 7.4) for 30 min at 427 and exposed overnight to X-and 486P lymphoblastoid line (486P-LC) were derived
from a transitional cell carcinoma of the human bladder. ray film to show that the probe was completely removed.
DNA sequencing. Cesium chloride gradient-purifiedThe LuC-1 cells, a clonal derivative of the 1075L-Lu te-
ratocarcinoma cells that were established from a pulmo- plasmid DNA was sequenced by the dideoxy method of
Sanger et al. (1977) adapted for double-stranded tem-nary metastasis, and the 1075L-Hep cells, derived from
an hepatic metastasis excised from the same patient, plates and T7 DNA polymerase (United States Biochemi-
cal Corp.). Sequence data were analyzed with thewere maintained on ‘‘feeder’’ layers of HEL fibroblasts
treated with mitomycin-C (Bronson et al., 1990). The cul- FastDB, GEL, SEQ, and IFIND programs of the IntelliGe-
netics package with a SUN mainframe in the Molecularture medium was RPMI-1640 mixed with an equal volume
of Dulbecco’s Modified Eagle Medium and supple- Biology Computer Center at the University of Minnesota.
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PCR amplification. The mixed oligonucleotide primers gions I and IV, a new set of degenerate mixed oligonucle-
otide primers, 5*-MOP-2 and 3*-MOP-2, was designed(MOPs-2) were synthesized by the University of Minne-
sota Microchemical Facility. PCRs were performed in a and constructed for detection of retroelements. The local-
ization of MOPs-1 and MOPs-2 on a retroviral genomeDNA Thermal Cycler (Perkin Elmer Cetus) in reaction
volumes of 100 ml containing 1.0 mg of human or mouse and the sizes of PCR products expected from amplifica-
tions with these primers are given in Fig. 1b.genomic DNA or 50 ng of plasmid DNA, 11 PCR buffer
(50 mM KCl, 10 mM Tris–HCl, pH 8.3, 0.01% (w/v) gela-
PCR amplificationtine), 1.5 mM MgCl2 , 0.15 mM of each deoxyribonucleo-
side triphosphate, 0.5 mM of each mixed oligonucleotide
Plasmid pN1GD4, which carries the HIV-1 provirus
primer (MOPs-2), and 5 U of Taq polymerase. Samples
with a minor deletion within the gag gene (Volsky et al.,
overlaid with a few drops of mineral oil were denatured
1986), and the pBluescript SK/ (Stratagene, Inc.) and
at 947 for 5 min and then subjected to 35 cycles of amplifi-
pGEM-3Z (Promega, Inc.) plasmids, which are devoid of
cation at 947 for 1 min, 377, 457, or 557 (as listed in the
retrovirus-related sequences, were used in preliminary
text) for 1 min and 727 for 1 min. The amplified PCR
tests of specificity of MOPs-2 in PCR reactions. A PCR
products were resolved on composite gels of 2.0% Nu-
product with the expected size of approximately 0.64 kb
Sieve GTG-1% electrophoresis grade agarose containing
was amplified from pN1GD4 DNA, but no products were
25 ml of ethidium bromide at 500 mg/ml. A 3-ml sample
amplified in reactions with the DNA of pBluescript SK/
of amplified PCR product was directly used for each sub-
or pGEM-3Z or in reactions lacking templates. These
cloning into the pCR-II vector under the conditions sug-
reactions were performed, with very similar results, at
gested by the manufacturer (Invitrogen Inc.).
annealing temperatures of 377 (see Fig. 2), 457, and 557
Phylogenetics analyses. The sequences of clones
(data not shown).
HERV-50 and -76 and HERV-(K)27, -(K)67, and -(K)73 were
MOPs-2 were then used in PCR amplifications with
obtained from this study and others were extracted from
teratocarcinoma and other human cell DNAs at an an-
GenBank (Release 71) by the FindSeq program. The
nealing temperature of 377. Mouse genomic DNA also
PileUp program of GCG package was used to align pol
was assayed to determine whether these primers might
region sequences (Devereux et al., 1984), and phylogen-
be effective in amplification of equivalent fragments from
ies on the aligned nucleotide sequences were con-
DNA of other species. Gel electrophoresis showed am-
structed with programs in PHYLIP 3.5 (Phylogeny Infer-
plified products of expected size (ca. 0.64 kb) from all
ence Package; Felsenstein, 1985). Different phylogenetic
human and mouse DNAs assayed (Fig. 2).
methods were used to avoid biasing our conclusions
with respect to any given model, and the phylogenetic Sequence comparisons
trees constructed from the Fitch and Margoliash (1967)
and maximum parsimony (Eck and Dayhoff, 1966; Fitch, The 0.64-kb products amplified from LuC-1 teratocarci-
noma cell DNA were subcloned into the pCR-II vector,1971, 1977) methods are presented here. The statistical
significance of groups of retroviral elements within the and 20 plasmid DNAs containing an insert of this size
were subjected to sequence analysis from both direc-phylogeny was assessed by bootstrapping of 1000 repli-
cates from the original aligned sequences. The percent- tions. Five clones, designated HERV-(K)27, -(K)67, -(K)73,
and HERV-50, and HERV-76, were found to differ in nucle-age listed for a group in Figs. 5 and 6 indicates the
number of trees from 1000 bootstrap replicates in which otide sequences. Sequence comparisons with all entries
in GenBank indicated that these five clones have highestall members of that group appeared.
sequence homology with a pol region of both HERV-K10
(Ono et al., 1986) and HM-16 (Deen and Sweet, 1986) ofRESULTS
the HERV-K family. HERV-(K)27, -(K)67, and -(K)73 are
Designing mixed oligonucleotide primers (MOPs-2)
most related to this pol region of HERV-(K) family mem-
bers while clones HERV-50 and HERV-76 have less iden-The pol gene nucleotide sequences of 47 retroviruses
and retrovirus-like elements of different sources were tity with them but are highly related, at 85.84% sequence
identity, to each other (Table 1). The nucleotide se-aligned and compared, and several very conserved re-
gions were identified. The nucleotide sequences of four quences of these five clones aligned with the corre-
sponding HERV-(K)10 pol region are shown in Fig. 3.highly conserved pol regions of 25 representative retro-
elements, the predicted amino acid sequences, and the Of these five clones, only HERV-(K)67 has an open
reading frame (ORF) and encodes a product of 212 aminonumber of nucleotides between these four regions are
presented in Fig. 1a. Regions I and IV were first identified acids that differs at five positions from the corresponding
HERV-K10 product (Table 2). In addition, the nucleotidefrom our studies and internal regions II and III, and their
complementary primers (designated MOPs-1) were de- sequence of the region spanning nucleotide positions
290 through 381 of clone HERV-(K)73 is identical to thescribed previously (Patarca and Haseltine, 1984; Toh et
al., 1983; Shih et al., 1989; Mack and Sninsky, 1988). 91-bp sequence (without primer sequences) of clone
PV1b reported by Brodsky et al. (1993) to represent anBased upon the nucleotide sequences of conserved re-
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FIG. 1. (a) Nucleotide and product amino acid sequence comparisons of the most conserved regions I–IV of the pol gene and nucleotide
sequences of four synthetic oligonucleotide primers (MOPs-1, MOPs-2). The number of nucleotides between these conserved regions is also given
here. The names of these retroelements are given on the left side of the figure. The sources of these sequences are: HERV l4-1 (Repaske et al.,
1985); HERV-O (GenBank, Accession No.: M74509); FeLV (Donahue et al., 1988); M-MuLV (Shinnick et al., 1981); BaEV (Kato et al., 1987); GaLV
(Delassus et al., 1989); HIV-2 (Guyader et al., 1987); SIV (Franchini et al., 1987); CIV (Huet et al., 1990); HIV-1 (Wain-Hobson et al., 1985); FIV (Talbott
et al., 1989); Visna (Sonigo et al., 1985); HTLV-I (Seiki et al., 1983); HTLV-II (Shimotohno et al., 1985); ALV (Bieth and Darlix, 1992); RSV (Schwartz
et al., 1983); CH-IAP (Anserson et al., 1990); M-IAP (Mietz et al., 1987); MPMV (Sonigo et al., 1986); SRV-1 (Power et al., 1986); SRV-2 (Thayer et al.,
1987); SSV (Oda et al., 1988); JSR (York et al., 1992); MMTV (Moore et al., 1987); HERV-K10 (Ono et al., 1986). (b) A schematic diagram of the
localization of MOPs-1 and MOPs-2 on a retroviral genome and the sizes of PCR products expected from amplifications by them.
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Phylogenetic trees
Earlier phylogenetic analyses of conserved pol gene
regions of 55 retroelements divided these elements into
six groups. The mixed ABCD type group consists of retro-
viruses historically classified as type-A, -B, -C, or -D, as
well as the HERV-K family (Li et al., 1995a). The sequence
comparisons showed that our five clones are more re-
lated to members of this group than to any other retroele-
ments so, for brevity, the phylogenetic trees in this report
contain only our clones and the members of the mixed
ABCD type group as defined in our previous study (Li et
al., 1995a). The majority-rule consensus trees, con-FIG. 2. Electrophoretic analysis of PCR products amplified with
MOPs-2 at an annealing temperature of 377 from genomic DNAs of structed from 1000 replicates of the aligned nucleotide
different sources. Template abbreviations: HIV-1, pN1GD4 plasmid con- sequences with the maximum parsimony method (Eck
taining a mutated HIV-1 provirus; 0, no template; pGEM-3Z, pGEM-3Z
and Dayhoff, 1966; Fitch, 1971, 1977) and the Fitch andplasmid (Promega, Inc.); pBluescript II SK/, pBluescript II SK/ plasmid
Margoliash method (1967), are presented as an unrooted(Strategene, Inc.); Mouse tail, FVB/N mouse tail genomic DNA; HEL,
tree (Fig. 5) and a rooted tree (Fig. 6).normal human embryonic fibroblasts; 486P-LC, human lymphoblastoid
cells; 486P, human bladder carcinoma cell line; 1815P, 1075L-Hep, The different methods used to construct the evolution-
LuC-1, human teratocarcinoma cell lines; M, l kb ladder. ary trees gave the same grouping results and divided
the retroelements into four subgroups. The first subgroup
HERV-K element expressed in leukocytes of polycythe- consists of the intracisternal A-type particles of the
mia vera patients. mouse (M-IAP, Mietz et al., 1987), Syrian hamster (SH-
IAP, Ono et al., 1985), and Chinese hamster (CH-IAP,
Genomic distributions Anserson et al., 1990), and the Chinese hamster A parti-
cle-related sequence (CH-IAP-R, Dorner et al., 1991). TheAn EcoRI-digested restriction fragment of about 0.64
second subgroup is composed of the B-type mousekb was isolated from each of these five plasmids, labeled
mammary tumor virus (MMTV, Moore et al., 1987), mousewith [a-32P]dCTP by the random-priming method, and hy-
type-B-related sequence (JYG, GenBank accession num-bridized under high stringency conditions to EcoRI-di-
ber D16249), D-type simian sarcoma virus (SSV, Oda etgested genomic DNAs. Two hybridization patterns corre-
al., 1988), simian SRV-1 (Power et al., 1986) and SRV-2lating with the level of sequence identity between the
(Thayer et al., 1987), and Jaagsiekte sheep retrovirusfive clones and the HERV-K10 and HM-16 pol region
(JSR, York et al., 1992). Clones HERV-(K)27, -(K)67, andwere observed (see examples in Fig. 4). The HERV-(K)67
-(K)73 identified in this study are placed with HERV-K10probe, for example, has 97.82% sequence homology with
and HM-16 in the third subgroup, while clones HERV-the corresponding HERV-K10 pol region and detected
50 and HERV-76 are localized into a separate, fourthone major low-molecular-weight (ca. 2.3 kb) fragment
subgroup. The percentages at which the retroelementsand at least 10 other minor bands ranging in size from
appeared in the first, second, third, or fourth subgroup,1.8 to 21.0 kb in all human DNAs tested (see Fig. 4a).
respectively, from 1000 bootstrap replicates were 93, 73,Essentially identical patterns were obtained in hybridiza-
100, and 100% for the maximum parsimony method andtions of HERV-(K)27 and -(K)73 probes with these DNAs
78, 100. 100, and 100% for the Fitch and Margoliash(data not shown). However, the HERV-50 and HERV-76
method (see Figs. 5 and 6).probes, with about 65% homology to this HERV-K10 re-
gion, gave hybridization patterns with these DNAs that
DISCUSSIONconsisted of approximately 30 bands of different intensi-
ties ranging from several hundred base pairs to 20 kb in Based on sequence comparisons of the pol gene
among different retroelements, two very conserved re-size (Fig. 4b).
TABLE 1
The Percentage of Identity between the Nucleotide Sequences of Cloned HERV pol Regions
HM-16 HERV-(K)27 HERV-50 HERV-(K)67 HERV-(K)73 HERV-76
HERV-K10 89.30 98.65 64.92 97.82 89.23 66.78
HM-16 90.05 64.31 89.35 95.30 65.94
HERV-(K)27 64.76 98.49 89.88 67.40
HERV-50 64.42 62.23 85.84
HERV-(K)67 89.23 66.61
HERV-(K)73 64.92
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FIG. 3. Nucleotide sequence comparisons of clones HERV-(K)73, -(K)27, -(K)67, HERV-76, and HERV-50 with HERV-K10 pol region. A period (.)
indicates that all aligned nucleotides at that position are identical; a star (*) indicates a deletion occurred at that position; the HERV-K10 nucleotides
are from positions 4079 to 4715 of the pol region. The primer sequences for PCR amplifications are indicated by lowercase letters.
gions (I and IV in Fig. 1) were identified in addition to The PCR products amplified from human LuC-1 te-
ratocarcinoma cell DNA were subcloned and se-the two internal regions (II and III) reported previously
by Patarca and Haseltine (1984) and Toh et al. (1983). A quenced, and five HERV-related clones were identified.
These five clones hybridized with all tested samplespair of mixed oligonucleotide primers, MOPs-2, homolo-
gous to conserved regions I and IV was designed and of human DNA, but the copy numbers of clones HERV-
(K)27, -(K)67, and -(K)73 differ greatly from that of clonessynthesized. When the MOPs-2 were employed in PCR
amplification, the expected products of about 0.64 kb HERV-50 and -76, as indicated by band intensity, size,
and number, which suggests that these clones had differ-were observed on agarose gel electrophoresis for all
tested human and mouse genomic DNAs and HIV-1 pro- ent evolutionary histories after they originated from their
common ancestor. Three clones are highly related (overviral DNA (Fig. 2). These data demonstrate that MOPs-2
are effective for PCR amplification, yielding products of 89%), and the other two are less related (65%), to a pol
region of HERV-K10 and HM-16 of the HERV-K family.expected size from DNAs of these different sources.
The high homology (Fig. 3 and Table 1) and essentially
identical hybridization patterns on Southern blots readily
TABLE 2 place clones HERV-(K)27, -(K)67, and -(K)73 into the
The pol Product Amino Acid Differences between HERV-K family. Inclusion of clones HERV-50 and HERV-
HERV-K10 and HERV-(K)67 76 with these retroelements is not indicated, however,
because of their lower level of homology with HERV-K
Positiona HERV-K10 HERV-(K)67
family members (Fig. 3 and Table 1) and their hybridiza-
tion patterns that, while similar to each other, differ signif-67 Histidine (H) Arginine (R)
68 Threonine (T) Methionine (M) icantly from those shown by the other three clones (com-
78 Valine (V) Leucine (L) pare Figs. 4a and 4b).
120 Cysteine (C) Serine (S)
The issue of classification was examined by phyloge-236 Glutamine (Q) Proline (P)
netic analyses, which also indicated that these five
a Indicates the positions of HERV-K10 pol gene product amino acids. clones are more related to HERV-K family members than
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FIG. 4. Southern blot analysis of human genomic DNA of different sources probed with (a) clone HERV-(K)67 or (b) clone HERV-50. DNAs were
digested with EcoRI and 10 mg of DNA was loaded per lane and fractionated by 0.7% agarose gel electrophoresis. The DNAs were transferred to
Bio-Rad Zetaprobe nylon membrane and hybridized to a probe radiolabeled by the random-priming method.
to other retroelements (Figs. 5 and 6; Li et al., 1995a). bers of this family, clone HERV-(K)73 is an HERV-K family
member that contains the PV1b segment previously re-The phylogenetic trees produced by both the Fitch and
Margoliash and the maximum parsimony methods ported by Brodsky et al. (1993), and clones HERV-50 and
HERV-76 represent a new human endogenous retrovirusshowed that clones HERV-(K)27 and -(K)67 are new mem-
FIG. 5. The majority-rule consensus unrooted tree constructed from
the maximum parsimony method. The numbers along the lines indicate FIG. 6. The majority-rule consensus rooted tree constructed from the
Fitch and Margoliash method based on 1000 replicates of the nucleo-the percentages calculated from 1000 replicates of the nucleotide se-
quences by the bootstrapping method. tide sequences by the bootstrapping method.
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family. Placement of these five clones into two different codons and to have a 290-bp deletion between the pol
and env genes. Members of the HERV-K family are ex-families from 1000 bootstrap replicates was 100% for
both methods. Although we do not know the tRNA spe- pressed in numerous types of human cells in vitro, includ-
ing breast carcinoma, gastric carcinoma, malignant mel-cies that binds to the PBS, the nucleotide sequence and
phylogenetic analyses place clones HERV-(K)27, -(K)67, anoma, epidermoid carcinoma, and teratocarcinoma
(Ono et al., 1987; Lo¨wer et al., 1993; Li et al., 1995b).and -(K)73 into the HERV-K family.
Of the five clones, only HERV-(K)67 has an open read- Further, Brodsky et al. (1993) found by RT–PCR amplifica-
tion of a very short pol region that normal blood leuko-ing frame, and a comparison of predicted amino acid
sequences indicated five amino acid differences be- cytes expressed a variety of HERV-K elements. However,
only a few, specific HERV-K sequences were expressedtween the products of HERV-(K)67 and the corresponding
HERV-K10 pol region (Table 2). The effects of these differ- in leukocytes of three patients with polycythemia vera,
and one HERV-K pol sequence was found in leukocytesences on product function are unknown but they could
alter enzymatic activity. As one example, the amino acid of five leukemia patients. None of the RT–PCR clones
had complete sequence identity with the correspondingresidue at position 67 in the HERV-K10 product is histi-
dine (H), whereas most retroviruses, and HERV-(K)67, HERV-K10 pol region, and the authors postulated that
selective expression of HERV-K family members couldencode for arginine (R) at the corresponding position.
Although the Thermus aquaticus (Taq) polymerase be involved in leukemogenesis.
The human teratocarcinoma cells are known to pro-lacks a 3* r 5* proofreading exonuclease activity, which
could introduce base substitution and 01 base frame duce a low number of retrovirus particles in vitro (Bron-
son et al., 1984; Lo¨wer et al., 1984) and our five clonesshift errors into the DNA product (Saiki et al., 1988), this
is unlikely to explain the differences detected among were derived from DNA of these cells. None of these five
clones has been found to be expressed in teratocarci-the five clones. It is estimated that the error frequency
introduced by Taq polymerase is less than 1005 under noma or other types of human cells (Li et al., 1995b),
however, and the particles released by the teratocarci-the conditions used in this study, such as low pH (ca.
7.6) and low concentrations of dNTPs (0.15 mM each) noma cells remain to be characterized. Use of MOPs-2
in PCR amplification of RNA from these particles may aidand MgCl2 (1.5 mM), the latter in excess over total dNTPs
(Eckert and Kunkel, 1990). in this characterization.
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